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
$EVWUDFW - In recent years, the need to use NoSQL systems to
store and exploit big data has been steadily increasing. Most 
of these systems are characterized by the property "schema 
less" which means absence of the data model when creating a 
database. This property brings an undeniable flexibility by 
allowing the evolution of the model during the exploitation of 
the base. However, the expression of queries requires a 
precise knowledge of this model. In this paper, we propose an 
incremental process to extract the model while operating the 
document-oriented NoSQL database. To do this, we use the 
Model Driven Architecture (MDA) that provides a formal 
framework for automatic model transformation. From the 
insert, delete and update queries executed on the database, we 
propose formal transformation rules with QVT to generate the 
physical model of the NoSQL database. An experimentation of 
the extraction process was performed on a medical 
application. 
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 7KH QXPEHU RI GLJLWDO GHYLFHV WKDW ZH XVH QRZDGD\V
SURGXFHVDKXJHDPRXQWRIGDWDNQRZQDV%LJ'DWDWKDWQHHG
WR EH H[SORLWHG 8VXDOO\ ZKR VD\V %LJ 'DWD VD\V DW OHDVW
9ROXPH9DULHW\DQG9HORFLW\ >@9ROXPH LV WKH VL]HRI WKH
GDWDVHWWKDWQHHGVWREHSURFHVVHG9DULHW\GHVFULEHVGLIIHUHQW
GDWD W\SH LQFOXGLQJ IDFWRUV VXFK DV IRUPDW VWUXFWXUH DQG
VRXUFHVDQG9HORFLW\ LQGLFDWHV WKHVSHHGRIGDWD ORDGLQJDQG
SURFHVVLQJ5HODWLRQDO V\VWHPV WKDWKDGEHHQ IRUGHFDGHV WKH
RQHVROXWLRQIRUDOOGDWDEDVHVQHHGVSURYHWREHLQDGHTXDWHIRU
DOO DSSOLFDWLRQV HVSHFLDOO\ WKRVH LQYROYLQJ %LJ 'DWD >@
&RQVHTXHQWO\ QHZ W\SH RI '%06 FRPPRQO\ NQRZQ DV
³1R64/´>@KDVDSSHDUHG7KHVHV\VWHPVDUHZHOOVXLWHGIRU
PDQDJLQJ ODUJH YROXPH RI GDWD ZLWK IOH[LEOH PRGHOV 7KH\
DOVR SURYLGH ORZ ODWHQF\ DW VFDOH DQG IDVWHU GDWD DFFHVV >@
1R64/ FRYHUV DZLGHYDULHW\RI GLIIHUHQW V\VWHPV WKDWZHUH
GHYHORSHG WR PHHW VSHFLILF QHHGV 7KHVH V\VWHPV FDQ EH
FODVVLILHG LQWR IRXU EDVLF W\SHV NH\YDOXH FROXPQRULHQWHG
GRFXPHQWRULHQWHGDQGJUDSKRULHQWHG,QWKLVSDSHUZHIRFXV
RQWKHWKLUGRQH
 2QHRIWKH1R64/NH\IHDWXUHVLVWKDWGDWDEDVHVFDQEH
VFKHPDOHVV 7KLV PHDQV LQ D WDEOH PHDQZKLOH WKH URZ LV
LQVHUWHG WKH DWWULEXWHV QDPHV DQG W\SHV DUH VSHFLILHG 7KH
VFKHPDOHVV SURSHUW\ RIIHUV XQGHQLDEOH IOH[LELOLW\ WKDW
IDFLOLWDWHVWKHGDWDEDVHPRGHOHYROXWLRQ(QGXVHUVDUHDEOHWR
TXLFNO\DQGHDVLO\LQFRUSRUDWHQHZGDWDLQWRWKHLUDSSOLFDWLRQV
ZLWKRXW UHZULWLQJ WDEOHV +RZHYHU WKH LPSRUWDQFH DQG WKH
QHFHVVLW\RIWKHGDWDEDVHPRGHODUHZLGHO\UHFRJQL]HG7KHUH
LV VWLOO D QHHG IRU WKLVPRGHO WRNQRZKRZGDWD LV VWUXFWXUHG
DQG UHODWHG LQ WKH GDWDEDVH WKLV LV SDUWLFXODUO\ QHFHVVDU\ WR
ZULWHGHFODUDWLYHTXHULHVZKHUHWDEOHVDQGFROXPQVQDPHVDUH
VSHFLILHG
 2Q WKH RQH KDQG 1R64/ V\VWHPV KDYH SURYHQ WKHLU
HIILFLHQF\WRKDQGOH%LJ'DWD2QWKHRWKHUKDQGWKHQHHGVRI
WKH1R64/GDWDEDVHPRGHOUHPDLQXSWRGDWH7KHUHIRUHZH
DUH FRQYLQFHG WKDW LW¶V LPSRUWDQW WR SURYLGH DQ DXWRPDWLF
DSSURDFK WKDW H[WUDFWV WKH GDWDEDVH PRGHO ZLWKLQ 1R64/
V\VWHPV 7R IRUPDOL]H DQG DXWRPDWH WKLV DSSURDFKZH KDYH
XVHG WKH 0RGHO 'ULYHQ $UFKLWHFWXUH 0'$ WKDW LV ZHOO
NQRZQDVDIUDPHZRUNIRUPRGHOVDXWRPDWLFWUDQVIRUPDWLRQV
2XU DSSURDFK VWDUWV IURP WKH XVHU TXHULHV DQG XSGDWH WKH
GDWDEDVH PRGHO )RU HDFK TXHU\ SURYLGHG E\ WKH XVHU DQG
DSSOLHGWRWKHGDWDEDVHWKHSURFHVVKDVPDLQO\WZRVWHSV
LW DQDO\]HV WKH TXHU\ DQG  XSGDWH WKH GDWDEDVHPRGHO E\
DSSO\LQJWKHFKDQJHVLQWURGXFHGE\WKLVXVHUTXHU\
 7KH UHPDLQGHU RI WKH SDSHU LV VWUXFWXUHG DV IROORZV
6HFWLRQ  PRWLYDWHV RXU ZRUN XVLQJ D FDVH RI VWXG\ LQ WKH
KHDOWKFDUH ILHOG 6HFWLRQ UHYLHZVSUHYLRXVZRUN6HFWLRQ
GHILQHV RXU 1R64/ GDWDEDVH PRGHO H[WUDFWLRQ SURFHVV
6HFWLRQGHWDLOVRXUH[SHULPHQWVDVZHOODVWKHYDOLGDWLRQRI
RXU SURFHVV )LQDOO\ 6HFWLRQ  FRQFOXGHV WKH SDSHU DQG
DQQRXQFHVIXWXUHZRUN
 0RWLYDWLRQ
 7RPRWLYDWHDQGLOOXVWUDWHRXUZRUNZHKDYHXVHGDFDVH
VWXG\ LQ WKH KHDOWKFDUH ILOHG 7KLV FDVH VWXG\ FRQFHUQV
LQWHUQDWLRQDO VFLHQWLILF SURJUDPV IRU PRQLWRULQJ SDWLHQWV
VXIIHULQJ IURP VHULRXV GLVHDVHV 7KH PDLQ JRDO RI WKLV
SURJUDP LV  WR FROOHFW GDWD DERXW GLVHDVHV GHYHORSPHQW
RYHUWLPHWRVWXG\LQWHUDFWLRQVEHWZHHQGLIIHUHQWGLVHDVHV
DQGWRHYDOXDWHWKHVKRUWDQGPHGLXPWHUPHIIHFWVRIWKHLU
WUHDWPHQWV7KHPHGLFDOSURJUDPFDQODVWXSWR\HDUV'DWD
FROOHFWHG IURP HVWDEOLVKPHQWV LQYROYHG LQ WKLV NLQG RI
SURJUDPKDYHWKHIHDWXUHVRI%LJ'DWDWKH9
9ROXPH WKH DPRXQW RI GDWD FROOHFWHG IURP DOO WKH
HVWDEOLVKPHQWV LQ WKUHH \HDUV FDQ UHDFK VHYHUDO WHUDE\WHV
9DULHW\ GDWD FUHDWHG ZKLOH PRQLWRULQJ SDWLHQWV FRPH LQ
GLIIHUHQWW\SHVLWFRXOGEHVWUXFWXUHGDVWKHSDWLHQW
VYLWDO
VLJQV UHVSLUDWRU\ UDWH EORRG SUHVVXUH HWF  VHPL
VWUXFWXUHGGRFXPHQWVXFKDVWKHSDFNDJHOHDIOHWVRIPHGLFLQDO
SURGXFWV  XQVWUXFWXUHG VXFK DV FRQVXOWDWLRQ VXPPDULHV
SDSHUSUHVFULSWLRQVDQGUDGLRORJ\UHSRUWV9HORFLW\VRPHGDWD
DUHSURGXFHG LQFRQWLQXRXVZD\E\VHQVRUVLWQHHGVD>QHDU@
UHDO WLPH SURFHVV EHFDXVH LW FRXOGEH LQWHJUDWHG LQWR D WLPH
VHQVLWLYH SURFHVVHV IRU H[DPSOH VRPH PHDVXUHPHQWV OLNH
WHPSHUDWXUH UHTXLUH DQ HPHUJHQF\PHGLFDO WUHDWPHQW LI WKH\
FURVVDJLYHQWKUHVKROG
 7KLV LVD W\SLFDOH[DPSOH LQZKLFKWKHXVHRID1R64/
V\VWHP LV VXLWDEOH 2Q WKH RQH KDQG LQ WKH PHGLFDO
DSSOLFDWLRQ EULHIO\ SUHVHQWHG DERYH WKH GDWDEDVH FRQWDLQV
VWUXFWXUHGGDWDGDWDRIYDULRXVW\SHVDQGIRUPDWVH[SODQDWRU\
WH[WVPHGLFDOUHFRUGV[UD\VHWFDQGELJWDEOHVUHFRUGVRI
YDULDEOHV SURGXFHG E\ VHQVRUV 2Q WKH RWKHU KDQG 1R64/
GDWDVWRUHVDUHLGHDOO\VXLWHGIRUWKLVNLQGRIDSSOLFDWLRQVWKDW
XVH ODUJH DPRXQWV RI GLVSDUDWH GDWD 7KHUHIRUH ZH DUH
FRQYLQFHGWKDWD1R64/'%06OLNH0RQJR'%LVWKHPRVW
DGDSWHGV\VWHPWRVWRUHWKHPHGLFDOGDWDEDVH
 $V PHQWLRQHG EHIRUH WKLV NLQG RI V\VWHPV RSHUDWH RQ
VFKHPDOHVVGDWDPRGHO1HYHUWKHOHVVWKHUHLVVWLOODQHHGIRU
WKH GDWDEDVHPRGHO LQ RUGHU WR NQRZ KRZ GDWD LV VWUXFWXUHG
DQG UHODWHG LQ WKH GDWDEDVH DQG WKHQ WR H[SUHVV TXHULHV
5HJDUGLQJ WKH PHGLFDO DSSOLFDWLRQ GRFWRUV HQWHU PHDVXUHV
UHJXODUO\IRUDFRKRUWRISDWLHQWV7KH\FDQDOVRUHFRUGLQJQHZ
GDWD LQ FDVHVZKHUH WKH SDWLHQW
V VWDWH RI KHDOWK HYROYH RYHU
WLPH)HZPRQWKV ODWHU WKH\ZLOODQDO\]H WKHHQWHUHGGDWD LQ
RUGHU WRIROORZWKHHYROXWLRQRI WKHSDWKRORJ\)RUWKLV WKH\
QHHGWKHGDWDEDVHPRGHOWRH[SUHVVWKHLUTXHULHV
 ,Q RXU YLHZ LW¶V LPSRUWDQW WR KDYH D SUHFLVH DQG
DXWRPDWLF VROXWLRQ WKDW JXLGHV DQG IDFLOLWDWHV WKH GDWDEDVH
PRGHO H[WUDFWLRQ WDVN ZLWKLQ 1R64/ V\VWHPV )RU WKLV ZH
SURSRVH WKH 4XHU\0RGHO SURFHVV SUHVHQWHG LQ WKH QH[W
VHFWLRQWKDWH[WUDFWVWKHSK\VLFDOPRGHORIDGDWDEDVHVWRUHGLQ
0RQJR'%7KLVPRGHOLVH[SUHVVHGXVLQJWKH-621IRUPDW
 5HODWHGZRUN 
 6HYHUDOUHVHDUFKZRUNVKDYHEHHQSURSRVHGWRH[WUDFWD
1R64/ GDWDEDVHV PRGHO PDLQO\ IRU GRFXPHQWRULHQWHG
GDWDEDVHV VXFK DV0RQJR'% ,Q >@ WKH DXWKRUV SUHVHQW D
SURFHVV WR H[WUDFW D PRGHO IURP D FROOHFWLRQ RI -621
GRFXPHQWV VWRUHGRQ0RQJR'%7KHPRGHO UHWXUQHGE\ WKLV
SURFHVV LV LQ -621 IRUPDW LW LV REWDLQHG E\ FDSWXULQJ WKH
QDPHVRIWKHDWWULEXWHVWKDWDSSHDULQWKHLQSXWGRFXPHQWVDQG
UHSODFLQJWKHLUYDOXHVZLWKWKHLUW\SHV$WWULEXWHYDOXHVFDQEH
DWRPLFOLVWVRUQHVWHGGRFXPHQWV
 $XWKRUVLQ>@SURSRVHDPRGHOH[WUDFWLRQSURFHVVIURP
DGRFXPHQWRULHQWHG1R64/GDWDEDVHWKDWFDQLQFOXGHVHYHUDO
FROOHFWLRQV7KHUHWXUQHGUHVXOWLVQRWDXQLILHGPRGHOIRUWKH
ZKROH GDWDEDVH EXW LW LV D VHW RI PRGHO YHUVLRQV 7KHVH
YHUVLRQVDUHVWRUHGLQ-621IRUPDW
 0RUH VSHFLILF WR GRFXPHQWRULHQWHG GDWDEDVHV ZH FDQ
PHQWLRQ >@ ZKHUH DXWKRUV GHVFULEH D SURFHVV FDOOHG %63
%XLOG 6FKHPD 3URILOH WR FODVVLI\ WKH GRFXPHQWV RI D
FROOHFWLRQ E\ DSSO\LQJ D VHW RI UXOHV WKDW FRUUHVSRQG WR WKH
XVHU UHTXLUHPHQWV 7KHVH UXOHV DUH H[SUHVVHG WKURXJK D
GHFLVLRQ WUHH ZKHUH QRGHV UHSUHVHQW WKH DWWULEXWHV RI WKH
GRFXPHQWV DQG HGJHV VSHFLI\ WKH FRQGLWLRQV RQ ZKLFK WKH
FODVVLILFDWLRQ LV EDVHG 7KHVH FRQGLWLRQV UHIOHFW HLWKHU WKH
DEVHQFH RU WKH SUHVHQFH RI DQ DWWULEXWH LQ D GRFXPHQW RU LWV
YDOXH$V LQ WKH SUHYLRXV DUWLFOH >@ WKH UHVXOW UHWXUQHG E\
WKLV DSSURDFK LV QRW D XQLILHG PRGHO EXW D VHW RI PRGHO
YHUVLRQVHDFKRIWKHPLVFRPPRQWRDJURXSRIGRFXPHQWV
 :HFDQDOVRPHQWLRQ>@WKDWGHVFULEHVDPDSSLQJIURP
D GRFXPHQWRULHQWHG1R64/GDWDEDVH WR D UHODWLRQDOPRGHO
7KHSURFHVVJURXSVWRJHWKHUDOOGRFXPHQWVWKDWKDYHWKHVDPH
ILHOGVQDPH)RUHDFKFODVVRIGRFXPHQWVLWJHQHUDWHVDWDEOH
WKDWKDYHDVFROXPQV WKH ILHOGVQDPHVDQGDV URZV WKHILHOGV
YDOXHV
 $QRWKHU VWXG\ >@ KDYH SURSRVHG D PRGHO H[WUDFWLRQ
SURFHVVIURPDFROOHFWLRQRI-621GRFXPHQWV7KLVSURFHVVLV
EDVHG RQ WKH XVH RI0DS5HGXFH 7KH0DS VWHS FRQVLVWV RI
H[WUDFWLQJ WKH VFKHPDRI HDFKGRFXPHQW LQ WKHFROOHFWLRQE\
PDSSLQJHDFKFRXSOHILHOGYDOXHLQWRDQRWKHUFRXSOHILHOG
W\SH 7KH 5HGXFH VWHS FRQVLVWV RI XQLI\LQJ DOO WKH VFKHPDV
SURGXFHG LQ WKH 0DS VWHS LQ RUGHU WR SURYLGH DQ RYHUDOO
VFKHPD IRU WKH LQSXW FROOHFWLRQ 7KH VDPH DXWKRUV KDYH
SURSRVHG LQ DQRWKHU SDSHU >@ DQ H[WHQVLRQ RI WKH SURFHVV
SUSRVHG LQ >@ LQ RUGHU WR WDNH LQWR DFFRXQW WKH
SDUDPHWHUL]DWLRQ RI WKH H[WUDFWLRQ DW WKH5HGXFH VWHS 7KXV
WKH XVHU FDQ FKRRVH HLWKHU WR XQLI\ DOO WKH VFKHPDV RI WKH
FROOHFWLRQRUWRXQLI\RQO\WKHVFKHPDVKDYLQJWKHVDPHILHOGV
VDPHQDPHVDQGW\SHV
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